In this paper, we derive a partial backlogging inventory model for noninstantaneous deteriorating items with stock-dependent demand rate under inflation over a finite planning horizon. We propose a mathematical model and theorem to find minimum total relevant cost and optimal order quantity. Numerical examples are used to illustrate the developed model and the solution process. Finally, a sensitivity analysis of the optimal solution with respect to system parameters is carried out.
INTRODUCTION
Deterioration is defined as decay, change, damage, spoilage or obsolescence that results in decreasing usefulness from its original purpose. Some kinds of inventory products (e.g., vegetables, fruit, milk, and others) are subject to deterioration. Ghare and Schrader (1963) first established an economic order quantity model having a constant H., J., Chang, W., F., Lin / A Partial Backlogging Inventory Model 36 rate of deterioration and constant rate of demand over a finite planning horizon. Covert and Philip (1973) extended Ghare and Schrader's constant deterioration rate to a twoparameter Weibull distribution. Dave and Patel (1981) discussed an inventory model for deteriorating items with time-proportional demand when shortages were not allowed. The related analysis on inventory systems with deterioration have been performed by Sachan (1984) , Balkhi and Benkherouf (1996) , Wee (1997) , Mukhopadhyay et al. (2004 Mukhopadhyay et al. ( , 2005 , etc.
In reality, not all kinds of inventory items deteriorated as soon as they received by the retailer. In the fresh product time, the product has no deterioration and keeps their original quality. Ouyang et al. (2006) named this phenomenon as "non-instantaneous deterioration", and they established an inventory model for non-instantaneous deteriorating items with permissible delay in payments.
In some fashionable products, some customers would like to wait for backlogging during the shortage period. But the willingness is diminishing with the length of the waiting time for the next replenishment. The longer the waiting time is, the smaller the backlogging rate would be. The opportunity cost due to lost sales should be considered. Chang and Dye (1999) developed an inventory model in which the demand rate is a time-continuous function and items deteriorate at a constant rate with partial backlogging rate which is the reciprocal of a linear function of the waiting time. Papachristos and Skouri (2000) developed an EOQ inventory model with time-dependent partial backlogging. They supposed the rate of backlogged demand increases exponentially with the waiting time for the next replenishment decreases. Teng et al. (2002 Teng et al. ( , 2003 Many articles assume that the demand is constant during the sale period. It needs to be discussed. In real life, the requirements may be stimulated if there is a large pile of goods displayed on shelf. Levin et al. (1972) termed that the more goods displayed on shelf, the more customer's demand will be generated. Gupta and Vrat (1986) presented an inventory model for stock-dependent consumption rate on initial stock level rather than instantaneous inventory level. Baker and Urban (1988) established a deterministic inventory system in which the demand rate depended on the inventory level is described by a polynomial function. Wu et al. (2006) presented an inventory model for non-instantaneous deteriorating items with stock-dependent. The related analysis on inventory systems with stock-dependent consumption rate have been performed by Datta and Paul (2001) , Balkhi and Benkherouf (2004) , Chang et al. (2007) , etc.
In all of the above mentioned models, the influences of the inflation and time value of money were not discussed. Buzacott (1975) first established an EOQ model with inflation subject to different types of pricing policies. Chung and Lin (2001) followed the discounted cash flow approach to investigate inventory model with constant demand rate for deteriorating items taking account of time value of money. Hou (2006) established an inventory model with stock-dependent consumption rate simultaneously considered the inflation and time value of money when shortages are allowed over a finite planning horizon.
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In this article, we developed a partial backlogging inventory model for noninstantaneous deteriorating items with stock-dependent demand rate, along with the effects of inflation and time value of money that are considered. We extended the model in Hou (2006) to consider non-instantaneous and partial backlogging inventory model. The rest of this paper is organized as follows. In Section 2, we described the assumptions and notations used throughout this paper. In Section 3, we establish the mathematical model and theorem to find the minimum total relevant cost and the optimal order quantity. In Section 4, we use numerical examples to illustrate the theorem and results we proposed. In Section 5, we make a sensitivity analysis to study the effects of changes in the system parameters on the inventory model. Finally, we make a conclusion and provide suggestions for future research in Section 6.
ASSUMPTIONS AND NOTATION
We give the following assumptions and notation which will be used throughout the paper.
Assumptions:
(1) Only a single-product item is considered during the planning horizon H . 
MATHEMATICAL MODEL AND SOLUTION
The inventory model is shown in Fig. 1 . The planning horizon H is divided into m equal parts of length
The maximum inventory level for each cycle is m I . During the
) the product has no deterioration, the inventory level is decreasing due to demand only. During the time interval
, the inventory level gradually reduces to zero owing to deterioration and demand. And shortage happens during the time interval
H., J., Chang, W., F., Lin / A Partial Backlogging Inventory Model 39 is used partly to meet the accumulated backorders in the previous cycle from time
) is the ratio of no-shortage period to scheduling period T in each cycle. The last extra replenishment at time H is needed to replenish shortages generated in the last cycle. The objective of the inventory problem here is to determine the replenishment number m and the ratio k in order to minimize the total relevant cost.
In the first replenishment cycle, owing to stock-dependent consumption rate only, the inventory level at time t during the time interval
with the boundary condition 
with the boundary condition 0 ) ( 
And the amount of lost sale at time t during the time interval
Let b S be the maximum shortage quantity per cycle. 
Hence, the present value of the total relevant inventory cost in the entire time horizon H is . One is the replenishment number m which is a discrete variable, the other is the ratio k , where 
there exists a unique solution * k , where
is the minimum value of k when m is given. 
NUMERICAL EXAMPLES
To illustrate the proposed model, let us consider the following parametric data as examples. Figure 2 . Some factors that influence the total relevant cost are shown in Table 2 . Table 2 Some special cases of the inventory model in Example 1.
The present value of total relevant cost . The above data satisfy Theorem 1(b) . From Table 3 is shown in Figure 3 . 
SENSITIVITY ANALYSIS
In this section, we discuss system parameters that influence the minimum total relevant cost * TC , the optimal order quantity * Q and the replenishment number m . Using Example 1 data to study the effects of change in the system parameters on the optimal order quantity 
is a strictly increasingly function of k . Besides, 
